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Abstract 

Counterfactual emotions, such as envy and regret, play a foundational role in 

shaping human behavior, influencing moral judgment, and guiding social 

interaction. Because they arise from the comparison between actual states and 

imagined alternative scenarios, these emotions serve as powerful cognitive 

mechanisms that motivate individuals to reassess their decisions, modify their 

actions, and anticipate future consequences. Consequently, they are of substantial 

importance to the advancement of research in artificial intelligence and multi-agent 

systems, where modeling human-like affective reasoning remains a central 

challenge. In this article, we formalize the counterfactual emotions of envy and 

regret using the Counterfactual Emotions (CFE) framework [2]. Furthermore, we 

examine their intensity through quantitative constructs such as the “degree of 

importance,” “degree of inadequacy,” and “degree of counterfactual avoidability” 

introduced in [1]. This study provides a theoretical and computational foundation for 

developing intelligent agents capable of understanding, representing, and adapting to 

the complex emotional and ethical dimensions of human interaction. 
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Introduction 

Contemporary artificial intelligence is moving beyond purely rational and 

calculative paradigms toward systems capable of representing key dimensions of 

human affective reasoning. Within this transformation, one of the most important 

challenges is the modeling of counterfactual emotions, especially envy and regret. 

These emotions do not arise only from actual events; rather, they emerge from a 

comparison between reality and alternative possibilities that were once available but 

never realized. They therefore depend on counterfactual thinking, a cognitive 

process through which an agent evaluates what might have happened under different 

actions, decisions, or circumstances. 

Despite major advances in affective computing, the formal representation of such 

emotions remains difficult. Many existing models cannot adequately capture the 

interaction among an agent’s epistemic state, practical goals, actions, and the 

normative or evaluative standards that shape its environment. Yet these elements are 

essential for understanding emotions such as envy and regret, which are cognitively 

rich states involving self-assessment, social comparison, and hypothetical reasoning. 

This study addresses these limitations through the Counterfactual Emotions 

framework, a logical architecture that integrates action, knowledge, and evaluation 

criteria into a unified model. In doing so, it builds an important bridge between 

philosophical logic and the practical requirements of multi-agent systems. The paper 

argues that autonomous and socially aware agents must be able to evaluate both 

their own failures and the advantages of others through counterfactual reasoning. 
 

Materials & Methods 

The Counterfactual Emotions Framework: The study begins by examining 

limitations in earlier logical frameworks used in formal ethics and emotion 

modeling. Approaches such as See-To-It-That logic and the K.A.R.O. model have 

contributed significantly to the formal analysis of agency, action, and knowledge. 

However, these frameworks are less effective in representing the normative and 

evaluative dimensions central to emotional experience. In particular, they do not 

always provide sufficient expressive power to capture the relation between an 

agent’s standards, possible actions, and reflections on unrealized alternatives. By 

contrast, the Counterfactual Emotions framework offers a more precise account of 

atomic actions and their consequences. It employs modal operators for necessity, 

knowledge, and goals, producing a multidimensional formal structure in which an 
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agent’s preferences can be assessed against actual outcomes. One of its main 

strengths is its ability to represent formally that an agent could have acted differently 

at a given moment, thereby producing a different and potentially better result. The 

inclusion of a counterfactual operator enables the framework to move beyond the 

actual world and examine unrealized alternatives. This capacity to simulate possible 

worlds is essential for modeling envy and regret, since both emotions rely on 

comparing the actual situation with an unrealized but preferable state of affairs. 
The Formalization of Envy: The paper conceptualizes envy as a social emotion 

grounded in upward comparison. Envy arises when an agent perceives another agent 

as possessing an advantage that it lacks but desires. Rather than treating envy as a 

single and undifferentiated state, the study distinguishes three principal forms, each 

reflecting a different motivational structure. The first is benign envy, a constructive 

response in which the perceived gap between self and other becomes a motivation 

for self-improvement. In multi-agent systems, benign envy may encourage agents to 

enhance their own capacities, promoting productive competition. The second form is 

malicious envy, a destructive response in which the envious agent seeks not only to 

obtain the desired advantage but also to deprive the rival of it. This form is 

particularly relevant because it may undermine cooperation, trust, and social 

stability. The third form is existential envy, which extends beyond dissatisfaction 

with a specific advantage and reflects deeper discontent with the rival’s broader 

condition, identity, or life trajectory. The formal model captures these distinctions 

through a combination of epistemic and counterfactual conditions. The agent must 

know that another possesses the desired advantage while also recognizing that, 

under different choices or circumstances, it might have achieved a similar result. 

This formalization allows envy to be understood not merely as a subjective feeling 

but as a structured cognitive state capable of shaping social behavior. 
The Formalization of Regret: Regret is presented as an autonoetic emotion 

requiring reflective awareness of one’s own past actions. Unlike disappointment or 

sadness, which may arise from events beyond one’s control, regret is intrinsically 

linked to agency, responsibility, and self-attribution. It occurs when an agent judges 

that its own decision has led to an inadequate outcome, especially when a better 

result could have been achieved through an alternative action. The paper identifies 

several forms of regret. Retrospective regret emerges after the negative 

consequences of a decision become clear. Anticipated regret operates prospectively, 

allowing an agent to imagine future self-reproach and thereby avoid risky decisions 
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in the present. Process regret refers to dissatisfaction with how a decision was made, 

such as acting impulsively or with insufficient information. Within the framework, 

regret is tied to inadequacy: an outcome is inadequate when it violates the standards 

endorsed by the agent. However, inadequacy alone does not generate full regret. The 

agent must also recognize its own causal responsibility for the failure. This 

connection between negative evaluation and self-attribution distinguishes regret 

from simpler affective responses. 
 

Discussion & Result 

A major contribution of the study is its shift from a binary conception of emotion 

toward a graded account of emotional intensity. This shift is especially important for 

artificial intelligence, where emotional states may function not only as descriptive 

labels but also as mechanisms for prioritization, adaptation, and decision guidance. 
To model intensity, the framework introduces quantitative variables. The first is the 

degree of inadequacy, defined as the discrepancy between the actual outcome and 

the agent’s evaluative standards. The second is counterfactual avoidability, which 

reflects how easily the undesirable outcome could have been prevented through 

alternative choices. In envy, intensity is also shaped by the social significance of the 

rival and the personal importance of the desired advantage. Through a weighted 

summation model, the framework distinguishes mild dissatisfaction from stronger 

emotional responses, enabling the design of agents with more nuanced and socially 

intelligible behavior. 
 

Conclusion 

The study shows that the formalization of counterfactual emotions is not only a 

theoretical contribution to modal logic but also a practical advance for affective 

computing and human–AI interaction. By modeling envy and regret within the 

Counterfactual Emotions framework, it translates complex emotional processes into 

a form that is both philosophically rigorous and computationally useful. Agents 

equipped with such capacities may become more believable, socially responsive, 

and capable of learning from failure. The framework also opens a path for future 

research on other complex emotions, including guilt, shame, and pride. More 

broadly, it supports the development of socially aware AI systems able to engage 

with a defining feature of human cognition: reflection on what might have been. 
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